In recent years, brachial plexus anesthesia techniques for upper limb surgery have been used more and more commonly on children; however, the patient is typically under deep sedation or general anesthesia. For eligible, cooperative children, surgery can also be performed using regional blocks while the patient is awake. We present 5 cases in which Ultrasound (US)-guided infraclavicular brachial plexus blocks (Icb) were used on children for hand or forearm surgery. Surgical anesthesia was achieved in all patients and surgery was completed uneventfully using brachial plexus anesthesia, without need for deep sedation.
Introduction
brachial plexus anesthesia techniques for upper limb surgery have been used more and more commonly on children in recent years. [1, 2] Ultrasound (US) guidance improved the quality and success rate of nerve blocks, and reduced the incidence of complications. [3] [4] [5] [6] [7] Most pediatric regional blocks are performed under general anesthesia or deep sedation where signs of block failure or complications cannot be immediately recognized. Yet in cooperative children, surgery can also be performed using regional blocks while the child is awake. there are few case reports about surgery on children under regional anesthesia. this article is a report of use of US-guided infraclavicular brachial plexus blocks (Icb) on 5 awake children.
Case Report
Presented are 5 cases in which US-guided Icb were performed on awake children for hand or forearm surgery. routine preoperative assessment was done for all patients. Patients and families were informed about the procedure and their consent was obtained before surgery.
Prerequisites for using awake block included cooperation of the child and insertion of venous cannula in non-injured hand before block technique was applied.
On arrival to pre-anesthesia waiting area where block was performed, standard monitoring was conducted (electrocardiogram, pulse oximetry and noninvasive blood pressure). All patients received midazolam 0.05-0.1 mg kg -1 intravenously for sedation and infusion of ringer's lactate was initiated before block was performed.
Patients were placed in supine position with relaxed shoulders. the arm to be blocked was adducted and hand placed on abdomen. Head was rotated to contralateral side. the point where clavicle meets coracoid process was palpated. Puncture site was immediately adjacent to most medial point of coracoid process and anterior surface of clavicle. because skin puncture was the most painful part of the process, after antiseptic preparation of the area, we infiltrated subcutaneous tissue with 0.5 mL of lidocaine 1%. US probe was placed just below clavicle inferior to site of needle entry. esaote My Lab 30 US system (Florence, Italy) with wide bandwidth, multi-frequency linear probe (8-18 MHz) was used while performing the block. A 5 cm sonovisible nerve block needle (Pajunk, Geisingen, Germany) was inserted using in-plane technique. Following identification of axillary artery and cords needle was advanced posterior to axillary artery. Mixture of levobupivacaine 0.5% and lidocaine 2% total 0.5 ml.kg -1 was then injected at the site after frequent negative aspiration and distribution of local anesthetic around cords, and axillary artery was confirmed with ultrasound imaging.
Motor block was assessed 30 minutes after block performance. Good block was defined as completely limp hand; block was satisfactory if patient was capable of minor movements of the fingers, and block result was considered poor if there was normal movement. 
Discussion
After a case report published by bromage and benumof in 1998 about paraplegia result in an adult patient on whom central block was performed while under general anesthesia, controversy ensued. Many pediatric anesthesiologists believed that general anesthesia or heavy sedation was necessary to ensure maximum safety against potential complications.
[8, 9] Pediatric regional Anesthesia Network (PrAN) reported a preliminary evaluation comparing regional anesthesia in awake, sedated, and anesthetized children that indicated no difference in similar transient complication rates. [10, 11] Mossetti and Ivani [12] confirmed that pediatric regional anesthesia, when performed following strict guidelines, is at least as safe as general anesthesia.
Although in the majority of cases, blocks are performed to provide analgesia only, if length of surgery is reasonable, cooperative patients can be operated on while awake and without general anesthesia. Once the block is performed, an appropriate level of sedation should be provided during surgery to improve patient tolerance and comfort. Different regimens or drugs can be used to provide intraoperative sedation according to demands of the surgery and patient characteristics.
Some conditions should be satisfied before considering awake surgery under block in children. the most important criterion is that eligible patients for awake surgery under Icb should be cooperative in order to communicate well when evaluating subjective and objective parameters. All patients and parents should be informed about effects of the block and their consent should be obtained. Another prerequisite is presence of venous cannula in non-injured hand before block performance in order to administer sedation, fluid or any other drug necessary.
US allows visualization during Icb of target structures, such as cords of brachial plexus, as well as relevant anatomy (axillary artery and vein, pleura).
In addition, multiple punctures to optimize position of stimulating needle, which increases the overall burden of pain, are eliminated with use of US. Direct visualization of plexus offers shorter sensory onset time, thus decreasing period in which pain is felt. [3, 6] Acute pain caused by nerve stimulator due to muscle contraction is also eliminated with use of US.
Axillary route is still the most commonly used approach in pediatric population due to safety considerations. Icb produces more complete anesthesia with a single injection compared to multiple injection axillary block technique. Another advantage of Icb is that it can be performed in any position, which avoids pain. Due to ease of performance and high success rate, use of Icb on children is gaining popularity. It can be performed with a single needle insertion, which makes the technique more acceptable for the child. the technique is easy to perform due to distinct landmarks, and can be performed in awake children under sedation. [2, 7, 13] Most case reports and studies on pediatric patients have shown that Icb can be performed successfully in children under general anesthesia. there are not many reports about awake surgery under brachial plexus anesthesia on children. Vanessa et al. [13] placed an ultrasound-guided infraclavicular brachial plexus catheter in a 9-year-old child without any sedation; only 1% lidocaine was used for skin infiltration.
Marhofer [7] performed Icb on 40 children under midazolam sedation. Low doses of propofol were given to 24 of the children who were younger. It is the opinion of the authors that in many cooperative children midazolam sedation alone is enough to perform Icb. In cases where immobility is required during needle puncture, a small dose of propofol may be sufficient.
In conclusion, successful surgical anesthesia can be obtained with US-guided Icb in eligible pediatric patients under sedation without general anesthesia.
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